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ABSTRACT 


(S)-  and  (R)-l  -cyano-2-meth>ipropyl  4'- { [4-(8-viny  loxyocty  loxy  )benzoy  1  loxy }  biphenyl - 
4-carboxylate  [(S)-ll  and  both  >  99%  ee|  enantiomers  and  their  correspondinii 

homopolymers  { poly[(S)-ll ]  and  polyjlRi-ll))  with  well  defined  molecular  weight  and  narrow 
molecular  weight  distnbution  were  synthesized  and  characterized.  The  mesomorphic  behaviors  ot 
(S)-ll  and  polyl(S)-ll)  are  identical  to  those  of  (R)-ll  and  poly[(R)-ll],  respectively.  Both, 
monomers  (S)-ll  and  (R)-ll  exhibit  enantiotropic  Sa,  Sc*  and  Sx  (unidentified  smectic ) 
phases.  The  corresponding  homopolymers  exhibit  Sa  tmd  Sc*  phases.  The  homopolymers  with 
DP  <  6  show  also  a  crv’stalline  pha.se,  while  those  with  DP  >  10  exhibit  a  second  .)X  phase.  Phase 
diagrams  were  investigated  tor  four  different  pairs  of  enantiomers;  (S)- 1 1/{ R)- 11 .  ( S  i - 
ll/poly((R)-l  1 1  and  poly|(S)-ll|/polyKR)-ll|  with  similar  and  dissimilar  molecular  weight. 
In  all  cases  the  structural  units  derived  from  the  enantiomeric  components  are  miscible  and 
therefore  isomorphic  in  the  Sa  and  Sc*  pha.ses  over  the  entire  range  of  enantiomeric  composition. 

Chiral  molecular  recognition  was  observed  in  the  Sa  and  Sx  phases  of  monomers  but  not 
in  the  Sa  phase  of  polymers.  In  addition,  a  very  unusual  chiral  molecular  recognition  effect  was 
detected  in  the  Sc*  phase  of  monomers  below  their  crystallization  temperature  and  in  the  Sc" 
phase  of  polymers  below  their  glass  transition  temperature.  In  the  Sc*  phase  of  monomers  above 
the  melting  temperature  and  of  polymers  above  the  glass  transition  temperature  the  two  enantiomers 
exhibit  nonideal  solution  behavior.  Nonideal  solution  behavior  was  also  observed  in  the  Sa  phase 
of  monomer-polymer  and  polymer-polymer  mixtures. 

INTRODUCTION 

In  the  field  of  liquid  crystals  chiral  molecular  recognition  was  observed  in  various  layered 
pha  ses  of  enantiomeric  pairs  of  low  molar  mass  liquid  crystals,’ although  very  little 
understanding  of  influence  of  structural  parameters  on  its  manifestation  is  available.  Molecular 
rccogiiiiioii  in  enantiome^c  and  diasterec»menc  pairs  of  macromolecular  liquid  crystal.^  has  not  bc^r. 
studied,  mainly  because  of  the  lack  of  the  techniques  available  to  synthesize  enantiomeric  and 
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diastcrcomcnc  pairs  df  liquid  crystalline  polymers  with  well  controlled  molecular  weight  and 
ntUTOw  molecular  weight  distnbution. 

Recently  we  initiated  a  systematic  series  of  investigations  on  the  chiral  molecular 
recognition  hy  studying  the  relationship  between  molecular,  macromolecular  and  aupramolecular 
structures  and  the  extent  of  manifestation  of  heterochiral  recognition.^  The  methodology  used  in 
our  research  involves  the  sytuhesis  of  enantiomeric  and  diastereomeric  mesogenic  vinyl  ethers  and 
of  the  corresponding  homopolymers  and  copolymers  by  living  cationic  polymerization  and 
copolymenzation  reactions.  Living  cationic  polymerization  provides  homogeneous  polymers  and 
copolymers  with  well  controlled  molecular  weight,  composition  and  narrow  molecular  weight 
distribution.^’-'  Chiral  recognition  is  detected  by  studying  the  phase  diagrams  of  monomers, 
homopolymers  and  copolymers  as  a  function  of  enantiomeric  composition.  In  the  first  publication 
of  this  series.-''^  we  have  reponed  the  observation  of  the  first  example  of  heterochiral  recognition  in 
the  .S,\  pha.se  of  molecular  pairs  of  diastereomeric  liquid  crystals  based  on  (2R,  3S)-  and  (2S,  3S)- 
2-fluoro-3-methylpcntyl  4'-(  ]  1 -vinyloxyundecanyloxy)biphenyl-4-carboxylate.  However,  this 
chiral  recognition  effect  wtis  not  observed  in  the  mixture  of  the  two  diastereomeric  polymers  and  in 
the  corresponding  copolymers.  In  subsequent  publications  from  this  series, heterochiral 
recognition  was  obsen-  ed  first  in  the  Sa  phase  of  molecular  pairs  of  enantiomeric  liquid  crystals 
based  on  (R)-  and  (S  )-2-chloro-4-methylpentyl  4'-(8-vinyloxyoctyloxy)biphenyl-4-carboxylate5^ 
and  (R  )-  and  (S')-2-fluoro-4-methylpentyl  4'-(8-vinyloxyoctyloxy)biphenyl-4-carboxylate,^^  and 
also  in  the  .Sc^  phase  of  the  last  pair  of  enantiomers.  In  addition,  chiral  recognition  was  observed 
in  the  same  phases  of  the  corresponding  homopolymers.  However,  the  copolymers  based  on  the 
(R)-  and  (S')-2-chloro-4-methylpentyl  4'-(8-vinyloxyoctyloxy)biphenyl-4-carboxylate  enantiomers 
do  not  exhibit  heterochiral  recognition  in  any  of  their  phases,  while  the  copolymers  based  on  (R)- 
and  ( Si-2-nuoro-4-tnethylpentyl  4’-{8- vinyloxyoctyloxy)biphenyl-4-carboxylate  enantiomers 
display  chiral  recognition  in  lx)th  their  Sc'*'  and  Sx  phases.  The  recognition  effect  observed  in  the 
S(  '  jdiase  of  these  copolymers  is  larger  than  that  observed  in  their  corresponding  homopolymer 
mixtures.  The  enhancement  of  the  recognition  effect  in  the  compounds  containing  fluorine  instead 


ot  chlorine  in  the  stcrcocenter  is  consuiered  to  be  due  to  the  liigher  electronegativity  ot'l'iuonne. 
Theretore.  investigation  ot  stereocenters  with  ku'ger  liipoles  is  of  great  interest  for  these  studies. 

This  paper  reports  the  s>  tuhesis  and  living  cationic  polymerization  of  a  pair  of  enantiomeric 
monomers  containing  a  -CN  group  in  their  steretK-enter  i.e..  (S)-  and  (R)-l-cyano-2-meth\  lprop\  i 
-!■'-{(  4-(  8- vinylo.\yoct  \  low  ibenzos  l  |o\y  1  bipheny  1-4-carboxylate  [  (S)-l  1  and  (  R  )  - 1  1  j 
Heterochiral  recognition  betwei_n  the  two  enantiomers  was  investigated  by  studying  the  phase 
diagrams  of  various  binary  mixtures  of  monomers  and  polymers  as  a  function  of  enantiomeric 
composition. 

EXPERIMENTAL 

Materials 

L-Valine  l(S)-2-amino-.'-inethylbutanoic  acid.  99^r .  Aldrich],  methyl  chloroformate  (99‘7 . 
Aldrich),  tetrabutylamrnonium  tisdrogcn  sulfate  (TBAH.  91%.  Aldrich),  l.c- 
dicyvclohexylcarbodiimide  iDCC.  99 T' .  .Aldrich),  triphenyl  phosphine  (PPhy,  99%.  Aldrich).  eth\  i 
4-hydro,\ybenzoate  i99% .  Aldrich ).  tris]  3-(heptanuoropropyl-hydroxymethylene  )-i  +  i- 
camphoratoj,  europiumt 111)  derivative  lEuthfOj.  98%.  .Aldnch],  benzyl  bromide  (98%.  Flukai 
and  diethyl  azodicarboxylate  iDE.AD,  40-05%.  Fluka),  were  used  as  received.  Chlorosulfoin  1 
isocyanate  (97%.  Fluka)  was  distilled  under  .N'2  atmosphere  before  each  use.  Dimethyl  sulfoxide 
(DMSO.  997o.  Fisher)  was  heated  overnight  at  lOO^C  over  CaH2,  distilled  from  CaHy  under 
vacuum,  and  stored  over  molecular  sieves  (4A).  Tetrahydrofuran  (THF.  99%.  Fisher)  was 
retluxed  over  LiAlHa  over  night  and  freshly  distilled  from  LiALHa  before  each  use. 

Methylene  chloride  (99%.  Fisher)  u.sed  in  the  cationic  polymerization  was  purified  b\ 
washing  with  concentrated  sulfunc  acid  several  times  until  the  acid  layer  remains  colorless,  then 
with  water,  dried  over  anhydrous  .\lgSO4.  retluxed  over  calcium  hydride  and  freshly  distilled 
under  argon  before  each  use.  Dimethyl  sulfide  |(CH3)2S]  (anhydrous,  99+%,  packed  under 
nitrogen  in  .Sure/Seal  bottle.  .Aldrich)  was  distilled  over  sodium  metal  under  argon. 
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Trifluoromcihanesulfonic  acid  (CF^SO^H)  (98%,  Aldrich)  was  distilled  under  vacuum.  The 
source  of  ;ill  the  other  chemicals  used  was  described  in  the  previous  publications.^ 

Techniques 

’H-NMR  (200  MHz)  spectra  were  recorded  on  a  Varian  XL-200  spectrometer,  with 
tetramethylsilane  (TMS)  as  internal  standard.  Infrared  (IR)  spectra  were  recorded  on  a  Perkin- 
Elmer  1320  infrared  spectrophotometer,  with  samples  sandwiched  between  KBr  pellets.  The 
specific  rotation  of  optically  active  compounds  was  determined  with  a  Perkin-Elmer  241 
polanmeter  in  solution  (the  concentration  reported  is  in  g/lOOmI  solvent).  The  enantiomeric  excess 
of  monomers  was  measured  by  'H-NMR  spectroscopy  using  Eu(hfc)3  as  a  shift  reagent. 

Relative  molecular  weights  of  polymers  were  determined  by  gel  permeation 
chromatography  (GPC)  with  a  Perkin-Elmer  Series  10  LC  instrument  equipped  with  LC-lOO 
column  civcn  and  a  .Nelson  Analyrical  900  series  integrator  data  station.  A  set  of  two  Perkin-Elmer 
PL  gei  c  olumns  of  5x10-  and  lO'^  A  with  THE  as  solvent  (Iml/min)  and  a  calibration  plot 
constructed  with  polystyrene  standards  were  used.  High  pressure  liquid  chromatography  (HPLC) 
expenments  were  performed  with  the  same  instrument. 

Phase  transition  temperatures  were  determined  by  a  Perkin-Elmer  DSC-7  differential 
scanning  calorimeter  (DSC)  equipped  with  a  TAC  7/DX  thermal  analysis  controller.  In  all  cases, 
heating  and  cooling  rates  were  lOoC/min  unless  otherwise  indicated.  Glass  transition  temperatures 
(Tej  were  read  at  the  middle  of  the  change  in  the  heat  capacity.  A  Carl-Zeiss  optical  polarized 
microscope  equipped  with  a  .Mettler  FP  82  hot  stage  and  a  Mettler  FP  80  central  processor  was 
used  to  observe  the  thermal  transitions  and  to  verify  the  anisotropic  textures. 

The  dependence  of  layer  spacing  of  monomers  and  polymers  on  temperature  was  measured 
by  wide  angle  .X-ray  scattering  (WAXS)  experiments  (X-ray  source:  a  Rigaku  Rotaflex  RU-200 
D/max  rB  12  KW  Generator  equipped  with  nickel  filtered  Cu  Ka-radiation  and  a  variable 

temperature  sample  holder).  Tlie  sample  was  melted  into  a  thin  film  on  an  aluminum  plate  and  the 
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measurement  was  taken  Junny  the  hcaii/iy  and/tir  eooling  scan  (2.5°C/min)  at  2B  ranyiny  :r(’in) 
1.8«  to  sO^. 

Synthesis  of  (S  I  -  1-C  van()-2-Meth  \  Ipropyl  4'-{[4-(8-Vinyloxyoctyloxy  iben/.oyl  ]- 
oxy}biphenyl-4-(:arboxylale  [(Sl-ll]  and  (R)- l-Cyano-2-Methylpropyl  4'-{[4- 
(8- Vinyloxyoctyloxy  )ben/oyl  loxy }  biphenyl'4-Carboxy  late  [(R)  - 1 1  ] 

The  synthetic  procedure  used  tor  the  preparation  of  monomers  (S)-II  and  (R)-ll  .n 
outlined  in  Scheme  1.  Tlie  synthesis  of  4'-hydroxybiphenyl-4-carboxylic  acid  (4')  was  describee 
elsewhere.  T 

(S)-Sodium  2-Hydroxy-3-.Mcthylbutanoate  [(S)-2]f^ 

To  a  stirred  solution  of  L-valine  (|a|  =-•'27.5.  c=8.0,  6N  HCl)  (50. Og.  O.dSmoH  ;n 

65()ml  of  ().5M  H2SO4  (cooled  in  an  ice  bath)  was  added  a  solution  of  NaN02  (44. 3g.  ().54nioi)  in 
12()ml  of  H2O  during  3  h.  Evolution  ol'  .\2  was  obsers'ed  during  the  addition.  After  stirring  .11 
room  temperature  for  10  h.  the  reaction  mixture  was  adjusted  to  pH=6  by  the  addition  of  solid 
NaHCO?.  Then,  the  solution  was  adjusted  to  pH=3  with  40%  phosphoric  acid.  The  crude 
product  was  extracted  by  THF  (4x1  .^Omn.  The  combined  THF  extract  was  washed  with  brine 
twice  and  dried  over  anhydrous  .MgSOa.  .After  THF  was  distilled,  a  slightly  pink  oil  remained. 
This  was  dissolved  in  200ml  of  CH3OH.  and  the  resulting  solution  was  adjusted  to  pH=7-8  using 
a  concentrated  solution  of  NaOH  in  CH3OH.  The  resulting  solution  was  poured  into  1200  ml  of 
diethyl  ether  to  produce  a  white  precipitate,  which  was  filtered  and  dried  to  give  a  white  powder 
(39. 6g.  66%).  [ai  5'  =  - 1 1.6  (c  =  8.03.  H2f)).  IR  absorptions  (with  niijol  on  KBr  plate)  at  1590 
and  3300  cm"'  indicated  the  conjugated  carbonyl  group  in  -COO'Na"'’  and  -OH  group, 
respectively. 
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Synthesis  of  (S)-Ben/yl  2-Hydr()xy-3-Methylbutanoate  [(S)-3]^ 

A  mixture  of  (S)-2  (39.0g.  ().27mol),  benzyl  bromide  (47 .9g,  0.27mol)  and  TBAH 
(4.8g,  0.01  mol)  m  molecular  sieve  dried  DMF  (200ml)  was  stirred  at  room  temperature  for  24  h. 
DMF  was  removed  by  vacuum  distillation  under  50°C.  The  resulting  suspension  was  diluted  with 
dieih\  1  ether  and  filtered.  The  filtrate  was  washed  with  H2O,  5%  NaHC03  and  H2O,  respectively. 
After  the  ether  solution  was  dried  over  anhydrous  MgSOa,  the  ether  was  distilled  on  a  rotary' 
evaporator  and  the  resulting  liquid  was  distilled  under  vacuum  to  yield  a  colorless  liquid  (48. 5g, 
96.0-9y,(PC;0.09mmHg,  Punty:  >99%  (HPLC).  [a]D=-11.0  (c=0.83,  CHCI3).  ^H- 

N'MR  (CDCIt,  TMS,  5.  ppm);  7.37  (s,  5ArH,  -C6il5),  5.22  (s,  2H,  -CH2Ph),  4.09  (broad  s,  IH, 
-OH),  2.76(d.  J=6.5Hz.  IH.  -CH(OH)-).  2.09  (m,  IH,  -CH(CH3)2).  1.01-0.84  (2d,  J=7.0Hz, 
6H.  -CH(CH3j:i. 

4'-( Mcthyloxycarbonyloxy )biphenyl-4-Carboxync  Acid  (5)^ 

To  a  solution  of  NaOH  (14.9g,  0.37mol)  in  360ml  of  H2O  maintained  at  -lO^C,  4  (27. 5g, 
0. 13mol)  was  added  with  vigorous  stirring.  Methyl  chloroformate  (19. 8g,  O.Zlmol)  was  added 
dropwise  to  the  resulting  suspension  dunng  1  h.  The  reaction  mixture  was  stirred  at  -5°C  for  4  h 
and  then  was  brought  to  pH=5  by  the  addition  of  20%  HCl  solution.  The  resulting  white 
precipitate  was  filtered  off.  washed  with  a  large  amount  of  H2O  and  dried  without  funher 
purification  to  yield  33. 5g  (95%)  of  white  crystals,  mp;  262. 2-265. 0°C.  ^H-NMR 
l(CD;):CO/DMSO=l/l,  TMS.  5,  ppm]:  8.09  (d,  J=8.0Hz,  2ArH,  o  to  -COOH),  7.60  (d, 
J=S.6Hz.  4ArH.  m  to  -COOH  and  m  to  -OCOO-),  7.33  (d,  J=8.7Hz,  2ArH,  o  to  -OCOO-),  3.89 
(s.  3H.  CH3O-). 

(S )-  l-Ben/.yloxycarbony  1-2- Methyl  propyl  4'-(MethyloxycarbonyIoxy)biphenyl-4- 
Carboxylate  [(S)-6] 

To  a  suspension  containing  5  (9.0g,  33.1mmol),  (S)-3  (6.9g,  33.1mmol)  and  anhydrous 
4-tlimethylaminopyndinium  p-toiuene  sulfonate  (DPTS)^®  (T9g,  6.5mmol)  in  a  mixture  of  80ml 


of  eir\  CHH”':  anci  5()inl  iii\  DMI-  Loolctl  m  n-'o  hath,  was  added  a  solution  of  DC('  le, 
33.4mmol)  in  2()ml  of  dr\  trUH’’:  during  15  min.  The  suspension  turned  to  a  clear  soIuik'h 
during  the  addition  and  a  precipitate  fonned  in  about  30  min.  .After  the  reaction  mi.xturc  was  ^tirrec. 
at  room  temperature  for  S  h.  the  precipitate  was  filtered  and  the  filtrate  was  diluted  with  lOOmi  >'i 
diethvl  ether,  washed  with  H;(d  and  dried  over  anhydrous  MgSOg.  The  crude  protiuct  wun 
purified  bv  column  chromatography  i neutral  alumina,  diethyl  ether/hexane=l/l  as  eluent)  to  \  ie:d  .; 
colorless  mscous  liquid  <  15,2g.  dd','  i,  [’urity;  >  99Q  (HPLO.  [al5''=+3.72  (c^l.OO.  (_Ii(  !; : 
'H-NMR  iCDCl;.  TM.S,  d,  ppmi:  S.I5  ul.  J=S.5Hz.  2ArH.  o  to  -COO-h  7.65  (d.  J=~  ‘dl.'. 
2ArH.  m  to  -COO-).  7.(i3  id.  ,I=.S.SI1/.  2.\ril.  m  to  -OCOO-i,  7.34  (s.  5ArH,  -CH2-C(,ii>  c  '  .4  i 
(d.  J  =  l().3Hz.  2Arll.  o  to  -0(7)0-,.  .C:2  id.  J  =  2.3Hz.  2H.  -CH:Ph),  5.15  (d.  J=6.2Hz.  Mi. 
-COOCiitCOOClOPhi- i,  ,C93  i^.  'll.  CHrO-i,  2.39  (m.  IH.  -CHiCH'O:).  1.10-1-06  Id. 
J=7.;)Hz.  6H,  -CH(CH'o:.i. 

(R  )-l-Bcnzylo\yciirl)()nyl-2-\U'th.\  Ipropyl  4’-(  Mcthvioxycarbonylox\  )bipht‘nyl-4- 
Carboxylate  [(R)-6]‘' 

A  suspension  of  5  i9.0g.  33.1mmol).  (S)-3  (6.9g,  33.1mmol)  and  PPht  (8..  ,g. 
33.1mmol')  in  100ml  of  dry  TMF  was  cooled  in  an  ice  bath.  DEAD  (6.4g.  33.1mmon  was  addeii 
dropwlse  duriim  20  min.  .ind  the  suspension  turned  into  a  clear  light  yellow  solution  during  tltc 
addition.  The  <^'iition  was  stirred  .it  room  temperature  lor  12  h  and  the  solvent  was  distilled  in  a 
rotarv  evaporator  to  give  .i  light  yellow  thick  suspension,  which  was  subjected  to  column 
chromatoiiraphv  (neutral  alumina,  dictlul  cther/hexane=  1/1  as  eluent)  to  yield  a  colorless  viscous 
liquid  (8. Og,  52'T  ).  Punts  :  >"9';  iHPLC).  |ul  5' =-3.70  (c=0.99,  CHCI3).  'H-NMR  (CD(7'.. 
TMS,  0,  ppmi:  8,15  (d.  J=8.(illz.  lArll.  o  to  -COO-),  7.65  (d.  J=8.2Hz,  2ArH.  m  to  -COO-c 
7.63  (d.  J=8.5Hz.  2ArH.  m  to  ()C'0()-i.  7.34  (s.  5ArH,  -CH2-C6H5).  7.30  (d.  J=I0.6nz. 
2ArH.  o  to  -OCOO-i,  5.22  (d.  .I=.T()Hz.  2H.  -CHgPh),  5.16  (d.  J=6.1Hz.  IH.  -COOCn 
(COOCIHPhi-i,  3.93  (s.  3H.  Clid)-  ,  2.40  im.  IH.  -CHtCH3)2),  1.10-1-07  (2d.  J=6.8Hz.  6li. 
-C1I(CH;,)2). 
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I  S  I  - 1  -  ( 'a  rl)()\y  -  2  -  M  cl  h  y  1  p  ropy  1  4 '  - (  Met h yloxycar  bon ylox y )  bi  p  heny  1 -4- 

('arbovylate  [(S)-7] 

(S»-6  ( 14. Og,  ,'l.Smmon  was  dissolved  in  150ml  of  ethyl  acetate  containing  5%  Pd-on- 
charcoa.l  (O.Tg).  The  resulting  suspension  was  stirred  under  H2  atmosphere  (50  psi)  at  room 
temperature  I'or  S  li  to  complete  the  liydrogenolysis  of  the  benzyl  ester  (monitored  by  using  TLC). 
Ttie  cataK  St  was  filtered  off  ;ind  the  filtrate  was  evaporated  to  dryness  to  give  a  white  solid  ( 10. bg. 
‘fv;.  I’ur:t\:  mp;  1  1  8.5- 1 2().0oC.  [a|  ^  =+37.30  (c=l  .05,  CHClsj.  lH-.\'MR 

irDi’';,  TM.S.  d.  ppmt:  S.lb  (d.  J=d.4Hz.  2ArH,  o  to  -COO-),  7.67  (d,  J=7.7Hz.  2ArH.  m  to 
-COO  u  ^.05  ui.  .l=s..'H/..  2.\rH.  m  to  -OCOOO,  7.30  (d.  J=8.3Hz,  2ArH,  o  to  -OCOO-i,  5.17 
id.  J=4  411/..  111.  ■('OOC'IiiCOOH)-i.  3.94  ts,  3H,  CH3O-).  2.44  (m,  IH,  -CH(CH3J:,).  I.IS- 

I. 13  1 2d.  J=S.()}I/.  nil.  -CliiCliri:!. 

(  R  I  - 1  -  Carl)o\y-2-  Met  hylpropyl  4 ’-{Met hyloxycarbonyloxy) biphenyl -4- 
(Jarbovylate  [(R)-7] 

(R)-7  wtis  prepared  from  (R)-6  by  the  same  method  as  (S)-7.  Starting  from  (R)-6 
(S.Og.  21.5mmol).  .1  white  solid  was  obtained  (5.1g,  80%).  Purity:  >  99%.  mp:  1 18. 8-120. O^C. 
[aji;  =  -37.34  (c  =  1.10.  CHCl;i.  >H-NMR  (CDCI3,  TMS,  5,  ppm):  8.15  (d,  J=8.9Hz.  2ArH. 
o  to  croO-i.  ^.b(i  id.  J=".bHz.  2.‘\rH.  m  to  -COO-),  7.65  (d,  J=8.5Hz,  2ArH,  m  to  -OCOO-), 
7.28  (d.  .l=8.5ilz.  2.\rH.  o  to  -OCOO-),  5.17  (d,  J=4.3Hz,  IH,  -COOCH(COOH)-),  3.94  (s. 
.'dl.  ('H;0-).  2.44  im,  IH.  CliiCHrP).  1.17-1-13  (2d,  J=5.8Hz,  6H,  -CH(CH3)2). 

i  .S  I  - 1  -  Cyano-2-Metli  \  I  propyl  4'-(  Methyloxycarbonyloxy)biphenyl-4-Carboxylate 

II. Si-S]'  - 

Clilorosulfotn  I  isocyanate  (5.7g,  40.2mmol)  was  added  dropwise  at  room  temperature 
during  15  min  a  solution  of  iS)-7  (7.5g,  20.1mmol)  in  25ml  of  dry  CH2C12.  The  reaction 
miMure  was  retlu.xed  for  I  h  and  then  was  distilled  under  vacuum  to  remove  the  solvent  and  the 
e.sccss  of  chlort'sullonvl  isocyanate.  Dry  CHyCIy  (10ml)  was  introduced  under  a  Ny  atmosphere 
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and  the  resulting  light  yellow  solution  was  cooled  in  an  ice  bath.  Dry  DMF  (20ml)  was  then  addeii 
slowly  and  the  solution  was  stirred  at  room  temperature  for  1  h.  The  reaction  mixture  was  then 
poured  into  lOOml  of  water,  and  extracted  with  diethyl  ether  (4x50ml).  The  combined  ether 
solution  was  washed  with  59t  NaHCO;  and  H2O.  and  dried  over  anhydrous  MgSOa.  Tlie  ether 
solution  was  distilled  in  a  rotary  evaporator  to  give  a  light  yellow  oil,  which  was  punfied  by 
column  chromatography  (neutral  alumina,  diethyl  ether/liexane=2/l  as  eluent)  to  yield  a  while  solid 
(4.4g,  627f).  Purity:  >  99‘,F,  mp:  71.0-72.9oC.  |al^=-8.16  (c=1.00,  CHCI3). 

(CDCI3,  TMS.  0.  ppm):  S.14  (d.  J=X.2H/..  2ArH.  o  to  -COO-),  7.67  (2d,  J=8.1Hz,  4ArH.  :n  10 
-COO-  and  m  to  -OCOO-),  7.35  (d,  J=X.9Hz,  2ArH,  o  to  -OCOO-),  5.48  (d,  J=5.9Hz.  III. 
-COOCH(CN')-),  3.94  (s.  3H.  CHiO-i.  2.32  (m,  IH.  -CH(CH3)2),  1.21  (t,  J=7.4Hz.  Oil. 
-CH(CH3)2,). 

(R)  -  l-Cv  ano-2- Methyl  propyl  4'-(  .Met  hyloxycarbonyloxy )biphenyl-4-Carboxy late 

Starting  from  (R)-7  (3.5g.  9.4mmon  and  chlorosulfonyl  isocyanate  (2.7g,  19.()mmol). 

(R) -S(2.1g.  61  Cc)  was  obtained  as  a  white  solid  by  a  similar  procedure  to  that  used  in  the  case  of 

(S) -8.  Purity:  >  99^i.  mp:  71.6-73.  R’C.  Ia|^=+8.16  (c=1.02,  CHCI3).  ’H-NMR  (CDCI3. 
TMS.  5.  ppm):  8.14  (d.  J=8.()Hz.  2ArH.  o  to  -COO-),  7.67  (2d,  J=8.3Hz,  4ArH,  m  to  -COO- 
and  m  to  -OCOO-),  7.35  (d.  J=X.6Hz.  2ArH,  o  to  -OCOO-),  5.48  (d,  J=6.0Hz.  IH. 
-COOCH(CN)-),  3.94  (s.  3H.  CH3O-),  2.33  (m.  IH,  -CH(CH3)2),  1.22  (t,  J=7.4Hz.  6H. 
-CH(Cii3)2J- 

(S)-  l-(3yan()-2- Methyl  propyl  4'-(  Hydroxy )bi phenyl -4-Carboxy late  [(S)-9]‘^ 

{S)-S  (4.15g.  1 1.7mmol)  was  stirred  in  a  mixture  of  300ml  of  ethanol  and  150ml  of 
aqueous  ammonia  ( 10-357^ )  at  room  temperature  for  1  h.  The  reaction  mixture  was  poured  into 
30()ml  of  water.  The  crude  product  was  extracted  with  CH2CI2  (4x80ml)  and  the  combined 
CH^Ch  solution  was  washed  with  (AI  HCI.  5^1  NaHC03  and  water,  respectively.  The  crude 
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product  was  purified  by  column  chromatography  (silica  gel,  hexane/ethyl  acetate=6/l  as  eluent)  to 
yield  a  white  solid  (2.8g.  S2?c).  Purity:  >  99%.  mp:  103.l-104.5oC  [a]  p  =-4.40  (c=1.07. 
CHCl;t.  'H-NMR  (CDCI3,  TMS,  5,  ppm):  8.10  (d,  J=8.0Hz,  2ArH,  o  to  -COO-),  7.66  (d. 
J=S.6Hz.  2ArH.  m  to  -COO  ),  7.54(d.  J=8.5Hz,  2ArH,  m  to  -OH),  6.96  (d,  J=9.4Hz.  2ArH.  o 
to  -OH),  5.47  (d.  J=5.4Hz.  IH,  -COOCH(CN)-),  5.37(s,  IH,  -OH),  2.34  (m,  IH,  -CH(CH3)2), 
1.21  (t.  J=7.3Hz.  6H,  -CH(CH3)2). 

(R)  -  l-Cyano-2- Methyl  propyl  4'-{Hydroxy)biphenyl-4-Carboxylate  [(R)-9] 

(R)-9  ( 1.2g,  72%)  was  obtained  from  (R)-8  (2.0g,  5.7mmol)  by  the  same  method  as 

(S) -9.  Punty:  >  99%.  mp:  103.0- 104. 70C.  [a|g'=-H4.39  (c=1.01,  CHCI3).  IH-NMR  (CDCI3, 
TMS.  5,  ppm).  8.10  (d.  J=8.0Hz,  2ArH,  o  to  -COO-),  7.66  (d,  J=8.5Hz,  2ArH,  m  to  -COO-), 
7.54  (d.  J=8. 7Hz.  2ArH,  m  to  -OH),  6.96  (d,  J=8.8Hz,  2ArH,  o  to  -OH),  5.47  (d,  J=5.3Hz, 
IH.  -COOCH(CN)-),  5.37  (s.  IH.  -OH),  2.34  (m.  IH,  -CH(CH3)2),  1.21  (t.  J=7.1Hz,  6H. 
-CH(CH3)2;. 

4-( 8- Vinyloxyoctyloxy)ben/.oic  Acid  (10) 

Ethyl  4-hydroxybenzoate  (2.24g,  13.3mmol)  and  NaOH  (0.54g,  13.5mmol)  were 
dissolved  in  SOml  95%  ethanol  and  heated  to  reflux  for  15  min.  8-Vinyloxyoctylbromide^^ 
(3.17g.  13.5mmol)  was  added  and  the  reaction  mixture  was  refluxed  for  14  h  and  poured  into 
200ml  of  water.  The  crude  product  was  extracted  with  diethyl  ether  and  purified  by  column 
chromatography  (silica  gel,  CH2CI2/C6H  i4=2/l  as  eluent)  to  give  ethyl  4-(8- 
vinyloxyoctyloxy)benzoate  as  a  colorless  liquid  (3.1  g,  72%).  Purity:  >  99%.  ^H-NMR  (CDCI3, 
TMS.  6,  ppm):  8.00  (d.  J=8.0Hz.  2ArH.  o  to  -COO-),  6.91  (d,  J=8.6Hz,  2ArH,  m  to  -COO-), 
6.53-0.42  (q,  J=7.0Hz,  HI.  CH2=CH-),  4.35  (q,  J=6.1Hz,  2H,  -COOCH2-),  4.17(d,  J=3.6Hz, 
IH.  cis  CH2=CH-),  4.00  (m.  3H,  trans  CH2=CH-  and  -PhOCIl2-),  3.68  (t,  J=6.9Hz,  2H, 
=CHOCH:).  1.77  (in.  2H.  -PhOCH2CH2-),  1.67  (m,  2H,  =CHOCH2CH2-),  1.38  (m,  IIH, 
-0(CH2)2(CH2,i4-  and  -CH2CH3).  Ethyl  4-(8-vinyloxyoctyloxy)benzoate  (3.1g,  13.3mmol)  was 
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hydrolyzed  at  60‘’C  for  1  h  in  OOml  of  05'^^';  ethanol  containing  KOH  (2.7g,  48.4mmol).  The 
resulting  solution  was  cooled  and  acidified  with  IN  HCl.  The  precipitate  was  filtered,  dried  in  air 
and  recrystallizcd  from  ^5*^  ethanol  to  afford  white  crystals  (2.4g,  85%).  ^H-NMR  (CDCh, 
TMS,  5,  ppm);  8.06  (d.  J=8.1Hz.  2ArH.  o  to  -COOH),  6.94  (d,  J=8.6Hz,  2ArH,  m  to  -COOH), 
6.53-6.42  (q,  J=7.0Hz.  IH.  CH2=CH-).  4.17(d,  J=4.0Hz,  IH,  cis  CH2=CH-),  4.03  (m.  3H. 
trans  CH2=CH-  and  -PhOCH:-),  3.68  (t,  J=7.1Hz.  2H,  =CHOCH2),  1.79  (m.  211. 
-PhOCH2CH2-),  1.66  (m,  2H.  ^CHOCHoCHh-),  1.37  (m.  8H,  -0(CH2)2(CH2)4-). 

{S)-l-Cyano-2-. Methyl  propyl  4'-{[4-(  8- Vinyloxyoctyloxy)benzoyI]oxy)  biphenyl - 
.->oarboxylate  [(S)-ll] 

Into  a  suspension  of  (S)-9  {l.Og.  3.4mmol),  10  (l.Og,  3.4mmol)  and  DPTS  (0.2g. 
0.7mmol)  in  15ml  of  dn'  CH2CI2  was  added  dropwise  a  solution  of  DCC  (0.73g,  3.6mmol)  in 
2ml  of  CH2CI2  dropwise  at  room  temperature.  The  reaction  mixture  first  became  a  clear  .solution. 
Then  a  precipitate  formed.  After  stirring  at  room  temperature  for  8  h,  the  reaction  mixture  was 
diluted  with  50ml  of  diethyl  ether  and  then  was  filtered.  The  filtrate  was  poured  into  100  ml  of  ice 
water  and  extracted  with  diethyl  ether  (4x50ml).  The  combined  ether  solution  was  washed  with 
water,  and  dried  over  anhydrous  MgSOa.  The  crude  product  was  purified  by  column 
chromatography  (silica  gel.  CH2Cl2/C(,H  14=6/1  as  eluent)  and  finally  was  recrystallized  from 
methanol  to  yield  white  cn-'stals  (1.4  g,  74%).  Purity:  >  99%.  Enantiomeric  excess:  >  99%  ( 'H- 
NMR).  Phase  transitions:  K  106.2«C  Sa  120.IOC  i  (DSC,  lOoC/min).  [a]D=-3.07  (c=1.07. 
CHCI3).  'H-NMR  (CDCI3,  TMS.  5,  ppm):  8.16  (2d,  J=11.2Hz,  4ArH,  o  to  -COO-),  7.71  (2d. 
J=7.5Hz.  4ArH,  m  to  -COO-),  7.34(d.  J=8.3Hz,  2ArH,  m  to  -OCO-),  7.00  (d,  J=8.8Hz,  2ArH. 
o  to  -OCH2-),  6.54-6.43  (q.  1=7.1  Hz.  IH,  CH2=CH-),  5.48  (d,  J=6.0Hz,  IH,  -COOCH(CN). 
4.18  (d,  1=3. 8Hz,  IH,  cis  CH2=CH-).  4.06  (t,  l=6.3Hz,  2H,  -PhOCH2-),  3.99  (d,  l=6.6Hz. 
IH.  trans  CH2=CH-),  3.69  (t.  l=6.5Hz.  2H,  =CHOCH2),  2.33  (m,  IH,  -CH(CH3)2),  1.83  (m. 
2H.  -PhOCH2CH2-),  1.68  (m.  2H.  =CHOCH2CH2-),  T39  (m,  8H,  -0(CH2)2(CH2)4-).  1.22  (t. 
l=6.6Hz.  6H.  -CH(CH3)2y 
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(R)-  l-Cyano-2-Methylpropyl  4'-{[4-(8-VinyloxyoctyIoxy)benzoyl]oxy}biphenyl- 
4-Carboxylate  [(R)-ll] 

White  cnstals  of  (R)-ll  ( 1 ,5g.  76%)  were  obtained  by  following  an  identical  procedure 
as  in  the  case  of  (S)-ll.  Purity:  >  99%.  Enantiomeric  excess:  >  99%  (*H-NMR).  Phase 
transitions:  K  106. l^C  Sa  120.0OC  i  (DSC,  lOoC/min).  [a]D=+3.07  (c=1.07,  CHCI3).  ^H- 
NMR  (CDCI3,  T.MS.  5.  ppm):  8.16  (2d,  J=11.2Hz,  4ArH,  o  to  -COO-),  7.70  (2d,  J=7.6Hz. 
4ArH.  m  to  -COO-),  7.34(d.  J=8.3Hz.  2ArH,  m  to  -OCO-),  7.00  (d,  J=7.6Hz,  2ArH,  o  to 
-OCH2-),  6.54-0,43  (q,  J=7.1Hz,  IH,  CH2=CH-),  5.48  (d,  J=6.0Hz,  IH,  -COOCH(CN),  4.18 
(d.  J=3.8Hz,  IH,  CIS  CH2=CH-),  4.06  (t,  J=6.3Hz,  2H,  -PhOCH2-),  3.98  (d,  J=6.4Hz,  IH. 
trails  CH:=CH-),  3.69  (t,  J=6.4Hz.  2H,  ^CHOCHi),  2.34  (m,  IH,  -CH(CH3)2),  1.84  (m,  2H, 
-PhOCH2CH2-),  1.67  (m.  2H.  =CHOCH2CH2-),  1.39  (m,  8H,  -0(CH2)2(CH2)4-),  1-22  (t. 
J=6.7Hz.  6H,  -CH(CH3)2). 

Cationic  Polymerizations 

Polymerizations  were  carried  out  in  a  three-ncck  round  bottom  flask  equipped  with  a 
stopcock  and  rubber  septum  under  argon  atmosphere  at  0®C  for  1  h.  All  glassware  was  dried 
overnight  at  140«C.  The  monomer  was  further  dried  under  vacuum  overnight  in  the 
polymerization  Oask.  After  the  flask  was  filled  with  argon,  freshly  distilled  dry  CH2CI2  was 
added  through  a  syringe  and  the  solution  was  cooled  to  0°C.  Freshly  distilled  (CH3)2S  and 
CF3SO3H  were  then  added  consecutively  via  syringes.  The  monomer  concentration  was  about 
0.2M  and  the  (CHilzS  concentration  was  10  times  larger  than  that  of  the  CF3SO3H  used  as  an 
initiator.  The  polymer  molecular  weight  was  controlled  by  the  monomer/initiator  ([M]o/[l]o)  ratio. 
After  quenching  the  polymerization  with  NH4OH  and  CH3OH,  the  reaction  mixture  was 
precipitated  into  methanol.  The  filtered  polymers  were  purified  by  precipitation  from  CH2CI2 
solution  into  CH3OH.  The  resulting  polymers  were  dried  in  a  vacuum  oven  at  room  temperature. 
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RESULTS  AND  DISCUSSION 

1.  Synthesis  of  monomers  (S)-Il  and  (R)-Il 

The  synthesis  of  monomers  (S)-II  and  (R)-ll  is  presented  in  Scheme  1.  L-Valine  was 
reacted  with  HNO2  between  -5  and  (FC  in  aqueous  solution  to  give  (S)'2-hydroxy-3- 
methylbutanoic  acid  with  retention  of  original  (S)  configuration  due  to  the  anchimeric  assistance 
provided  by  the  carboxylate  group. A  simih  nechanism  was  valid  for  the  replacement  of  the 
amino  group  with  chlorine  via  the  diazonium  salt  intermediate.  Complete  retention  of 
configuration  during  this  reaction  was  obscrx’cd  for  most  of  the  optically  active  amino  acids. 

The  carboxylic  acid  group  of  (S)-2-hydroxy-3-methylbutanoic  acid  was  neutralized  with  NaOH  to 
give  (Sr-^odium  2-hydroxy-3-methylbutanoate  [(S)-2]  and  then  was  esterified  with  benzyl 
bromide  to  produce  (S)-3.  Methyl  chloroformate  was  used  to  protect  the  phenol  group  of  4  to 
give  5.  {S)-6  was  prepared  by  the  esterification  of  (S)-3  with  5  in  the  presence  of  DCC  and 
DPTS.  This  reaction  takes  place  with  the  retention  of  configuration  of  the  chiral  center. 

The  esterification  of  (S)-3  with  5  in  the  presence  of  DEAD  and  PPhy  yields  (R)-6  with 
the  inversion  of  configuration  of  the  stereocenter  of  (S)-3.  The  general  mechanism' '  of  this 
reaction  is  outlined  in  Scheme  2.  In  this  reaction.  DEAD  (12)  and  PPh3  (13)  reacted  to  generate 
the  quaternary  phosphonium  salt  (14).  14  was  protonated  by  an  acid  (IS),  forming  a  second 
quaternary  pho.sphonium  salt  (16).  The  nucleophilic  attack  by  a  chiral  alcohol  (17)  gives  an 
alkoxyphosphonium  salt  (18),  which  undergoes  Sn2  type  displacement  to  afford  the  product  20 

with  inversion  of  configuration. "’'6.17 

The  benzyl  ester  protecting  group  of  (S)-6  and  (R)-6  was  removed  by  hydrogenolysis  to 
produce  (S)-7  and  (R)-7,  respectively.  Afterwards,  the  -COOH  group  of  (S)-7  and  (R)-7  was 
converted  to  -CN  by  treating  the  acid  with  CISO2NCO  in  CH2CI2  and  DMF.'^  The  deprotection 
of  methyl  carbonate  of  (S)-8  and  (R)-8  was  carried  out  with  30%  NH4OH  in  ethanoF  to  yield 
(S)-9  and  (R)-9,  which  were  reacted  with  10  in  the  presence  of  DCC  and  DPTS  to  produce 
monomers  (S)-Il  and(R)-ll. 
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2.  Optical  purities  of  (S)-ll  and  (R)-ll 

The  optical  purities  of  monomers  (S)-ll  and  (R)-ll  were  determined  by  200  MHz  ’H- 
NMR  spectroscopy  using  Eu(hfc)3  as  a  chiral  shift  reagent.  The  'H-NMR  spectra  of  {S)-ll  and 

(R) -ll  recorded  in  CDCI3  are  identical.  Figure  la  presents  representative  'H-NMR  spectra  of 

(S) -ll  without,  while  Figure  lb  with  the  shift  reagent.  Figure  2a  and  b  presents  the  ^H-NMR 
spectra  of  the  monomer  mixture  (molar  ratio  of  (S)-11/(R)- 11=2/1)  without  and  with  the  shift 
reagent,  respectively.  In  Figure  la  the  doublet  at  5=5.48  (J=6.0)  is  due  to  the  proton  of  the 
cyanohydrin  ester  (-COOCH(CN)-|.  When  the  shift  reagent  Eu(hfc)3  was  added  incrementally  to 
the  monomer  solution,  the  doublet  shifted  to  a  higher  field  and  its  coupling  constant  as  indicated  in 
Figure  lb  did  not  change  (J=6.0).  Although  the  ^H-NMR  spectra  of  (S)-ll  and  (R)-ll 
monomer  mixture  (molar  ratio  of  (S)-n/(R)-ll=2/l)  (Figure  2a)  looks  identical  to  that  of  (Si¬ 
ll,  the  addition  of  the  shift  reagent  clearly  separated  two  doublets.  The  doublet  at  5=6.02  (J=6.0) 
is  due  to  the  cyanohydrin  ester  hydrogen  in  (S)-ll  and  the  other  at  5=6.14  (J=6.0)  is  due  to  the 
cyanohydrin  ester  hydrogen  in  (R)-ll.  The  integration  of  these  two  doublets  is  2/1,  reflecting  the 
initial  molar  ratio  of  the  two  monomers  in  the  mixture.  As  the  amount  of  the  shift  reagent 
increases,  the  separation  of  these  two  doublets  become  larger  and  they  are  shifted  to  an  even  higher 
field.  However,  the  coupling  constant  of  both  doublets  remains  unchanged.  This  separation 
behavior  by  the  chiral  shift  reagent  is  due  to  the  different  interaction  between  the  pure  enantiomers 
with  the  chiral  shift  reagent.  Both  monomers  were  carefully  checked  by  'H-NMR  with  the 
Eu(hfc)3.  The  optical  purities  of  both  monomers  [(S)-ll  and  (R)-ll]  are  higher  than  99%  ee. 

3.  Polymerization  of  (S)-ll  and  (R)-ll  and  Characterization  of  Poly[(S)-ll]  and 
Poly[(R)-Ill 

Previous  publications  from  our^-^-^^  and  other  laboratories'^  have  demonstrated  that 
polymerization  of  functional  vinyl  ethers  initiated  by  (CF3S03H/(CH3)2S  system  exhibits  the 
characteristics  of  a  living  polymerization,  leading  to  well  defined  polymers  with  controlled 
molecular  weights  and  narrow  polydispersities.  Therefore  both  monomers  (S)-ll  and  (R)-ll 
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were  polymerized  using  CF3S03H/(CH3)2S  at  (PC  in  dr\'  CH2CI2.  The  resulting  polymers  were 
characterized  by  GPC,  DSC  and  thermal  optical  polarized  microscopy.  Selected  polymer  samples 
were  also  characterized  by  wide  angle  X-ray  scattering  (WAXS)  measurements  to  confirm  the 
nature  of  the  mesophases  assigned  by  optical  polarized  microscopy.  The  characterization  results 
are  summarized  in  Tables  1  and  2. 

Polymer  yields  are  between  50  tmd  70%.  The  low  polymer  yields  are  due  to  a  combination 
of  the  polymer  loss  during  the  purification  process  and  the  .small  scale  polymerization  expenmenis 
(100  mgj.  Within  the  experimental  error  the  relative  number  average  molecular  weights  (Mm  (^f 
both  poly[(S)-lll  and  poly[{R)-ll]  arc  well  controlled  by  the  initial  molar  ratio  of  monomer  to 
initiator  ([M]o/[llo)-  A  charactenstic  linear  dependence  of  Mn  on  [M]o/[I]o  is  shown  in  Figure  3. 
The  polydispersities  of  all  polymers  are  less  than  1.20.  All  these  features  support  the 
characteristics  of  a  living  polymerization. 

The  mesomorphic  behavior  of  poiy[(S)-ll]  and  poly[(R)-ll]  was  characterized  by 
DSC.  The  thermal  transition  temperatures  ttnd  the  nature  of  various  mesophases  were  confirmed 
by  thermal  optical  polarized  microscopy.  The  DSC  thermograms  of  the  first  heating  scan  (20oC') 
are  presented  in  Figure  4a  and  b  for  poly((S)-lll  and  poly[(R)*ll],  respectively.  Thermal 
decomposition  of  poly((S)-ll]s  and  poly((R)-ll]s  with  DP  larger  than  6  was  observed  after  the 
first  heating  scan  when  the  isotropization  temperature  exceeded  2(X)°C.  'H-NMR  spectra  of  the 
samples  collected  from  the  DSC  pan  indicate  that  the  decomposition  of  cyanohydrin  esters  and 
some  kind  of  transesterification  might  take  place.  Figure  4a  shows  that  all  poly[(S)-ll]s  with 
different  degrees  of  polymerization  (DP)  exhibit  enantiotropic  Sc*  and  S a  phases.  Poly[(S)-l  1  ]s 
with  DP  <  5.4  also  show  a  crystalline  phase  below  55°C.  The  disappearance  of  this  crystalline 
phase  in  polymers  with  higher  DP  is  probably  due  to  the  decreased  chain  mobility.  Poly[(S)-llls 
with  DP  >  10.1  exhibit  an  unidentified  smectic  pha.se  (Sx  phase).  The  nature  of  the  Sx  phase  is 
not  identified  yet  at  this  moment.  The  DSCs  scans  of  poly[(R)-ll]s  (Figure  4b)  are  quite  similar 
to  those  of  polyi(S)-ll]s.  Their  phase  behavior  can  be  compared  in  Figure  5  by  superimposing 
the  dependence  of  their  thermal  transition  temperatures  on  DP.  It  is  clear  that  the  mesomorphic 
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behavior  of  poly[(S)-llls  is  identical  to  that  of  poly[(R)-ll]s.  Without  polymers  containing 
well  controlled  molecular  weights  and  narrow  polydispersities,  no  such  comparison  could  be 
made.  Misleading  conclusions  can  be  drawn  if  we  do  not  have  the  entire  dependence  of  phase 
transitions  on  molecular  weight. 

In  order  to  funher  confirm  the  Sc*  and  Sa  phases  of  both  homopolymers,  WAXS 
experiments  were  carried  out.  The  results  obtained  from  WAXS  are  shown  in  Figure  6a  and  b, 
where  representative  scattering  patterns  in  each  of  the  Sa,  Sc*  and  Sx  phases  and  the  dependence 
of  the  layer  spacing  obtained  during  the  heating  scan  (2.5®C/min)  on  temperature  are  presented.  In 
Figure  6a  all  three  scattering  patterns  show  a  sharp  peak  due  to  the  layer  structure  of  the  smectic 
phase.  The  additional  peaks  in  Sx  phase  can  be  related  to  the  additional  position  order  within  the 
smectic  layer.  As  observed  from  Figure  6b,  the  layer  spacing  of  both  homopolymers  increases 
with  increasing  the  temperature  within  the  range  of  the  Sc*  phase,  and  then  remains  constant  at 
31.5  ±  0.5  A  from  150°C  on,  where  the  Sa  phase  is  formed.  The  behavior  of  the  layer  spacing  as 
a  function  of  temperature  is  in  good  agreement  with  the  phase  transition  temperatures  and  the 
nature  of  mesophases  determined  by  DSC  and  optical  polarized  microscopy.  The  experimental 
value  (31.5  ±  0.5  A)  of  the  layer  spacing  in  the  Sa  phase  is  consistent  with  the  calculated  value 
(32.6  A)  of  the  fully  extended  mesogenic  unit.  Therefore,  these  results  support  the  existence  of 
Sa  ^nd  Sc*  phases  in  both  homopolymers. 


4.  Mesomorphic  behavior  and  heterochirai  molecular  recognition  in  mixtures  of 
enantiomeric  monomers  and  polymers 

The  first  order  phase  transition  temperature  of  a  binary  mixture  of  an  ideal  solution  can  be 
predicted  by  the  Schrbder-van  Laar  equation:^® 


AHiT2(T~Ti) 
AH2T,(T-  Tz) 


where.  xi  is  the  mole  fraction  of  compound  1;  Ti  and  T2  are  the  transition  temperatures;  AHi  and 
AH:  -u'c  the  corresponding  enthalpy  changes;  and  T  is  the  transition  temperature  of  the  mixture. 
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\^^uInl^g  that  the  transition  temperatures  of  the  two  components  are  in  the  order  of  Tj  <T2,  the 
transition  tempei  atures  of  the  mixtures  as  a  function  of  composition  follow  one  of  the  following 
tfiice  aieai  eases  if  .m  ideal  solution  is  formed.  Case  1)  when  the  enthalpy  changes  AHi  =  AH2, 
die  transition  temperatures  of  the  mixture  should  show  a  linear  dependence  on  composition;  Case 
1)  '.Wien  .Mil  <  Alb.  the  transition  temperatures  will  exhibit  an  upward  curvature;  and  Case  3) 
^Uien  lill)  >  .Alb,  the  transition  temperatures  will  show  a  downward  curvature.  Chiral 
reeoenition  leads  to  a  nonideal  solution  behavior  for  the  case  of  an  ideal  mixture.  Chiral 
reeivpnmon  is  present  when  a  positive  deviation  from  the  ideal  solution  behavior  dependence 
preciieied  by  the  .Sehrdderwan  Laar  equation  which  is  due  to  an  interaction  between  the  two 
enantiomers  i lieteroehiral  recognition)  is  observed.  Heterochiral  recognition  requires  first  that  the 
two  compounds  are  miscible  at  the  molecular  level.  On  the  other  hand,  a  negative  deviation  from 
tlie  ideal  Kdiavior  is  an  other  manifestation  of  a  nonideal  solution  behavior  which  is  caused  by  the 
immiscihility  of  the  two  compounds  at  the  molecular  level. 

In  order  to  study  the  lieicrochiral  recognition  in  pairs  of  enantiomeric  monomers  and 
poi>  mers.  miscibilits  studies  were  carried  out  by  preparing  four  pairs  from  the  following  mixtures: 
i.S  I- 1  bi  R I- 1 1 .  iS  I- 1  l/pols  I ( Rl- 1 1 1  with  DP=4.4,  poly[(S)-ll]  with  DP=4.6/poly[(R)-lll 
with  DP=4.4  and  poly|(S)-l  1|  with  DP=4.3/poly[(R)-ll]  with  DP=5.7.  These  mixtures  can  be 
caiegcinzed  into  three  groups:  a)  binary  mixtures  of  monomers;  b)  binary  mixtures  of  monomer 
and  polymer;  and  c)  binary  mixtures  of  polymers  with  similar  and  dissimilar  molecular  weights. 
All  these  mixtures  were  preptircd  by  dissolving  the  two  components  in  CH2CI2,  followed  by  the 
c\  aporation  of  sol\  ent  in  the  vacuum  oven  for  at  least  24  h  at  room  temperature. 

4a  I  Mixtures  of  monomers 

Tlie  D.SC  traces  of  monomer  mixtures  (S)-11/(R)-11(X/Y)  [where  X/Y  is  the  molar  ratio 
ot  I.S  I- 11  ioiRl-ll]  are  presented  in  Figure  7.  The  phase  diagrams  of  the  monomer  mixtures 
,irc  :'ro\  ideii  in  Ficure  s.  The  pliase  transition  temperatures  and  corresponding  enthalpy  changes 

,irc  umman/cd  in  Table  v 
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Figure  7a,  b  and  d  presents  the  first  and  second  heating,  and  first  cooling  scans  of  (S)- 
11/(R)-11(XA').  Subsequent  heating  and  cooling  scans  are  identical  to  the  second  heating  and 
first  cooling  scans,  respectively.  In  order  to  reveal  the  phase  transition  from  Sc*  to  Sa  for  (S)- 
11/(R)-U(XA^)  with  XA"=7()/3()-30/70.  an  additional  heating  scan  was  performed  by  cooling  the 
sample  only  up  to  50°C  followed  by  reheating  from  5(PC.  The  resulting  DSC  curves  ;tre 
presented  in  Figure  7c.  This  experiment  allows  the  kinetically  controlled  crystalline  phases  which 
cover  the  Sc*-Sa  transition  in  (S)-ll/(R)-n(XA^)  with  X/Y  =  70/30-30/70  to  be  suppressed. 
As  observed  in  Figure  7,  the  phase  behaviors  of  the  two  enantiomers  (S)-ll  and  (R)-ll  arc 
identical.  In  the  first  DSC  scan  (Figure  7a)  the  optical  pure  enantiomers  are  crystalline  and  melt 
into  a  Sa  phase  at  lOb^C,  followed  by  a  first  order  transition  to  an  isotropic  phase  at  120”C.  .AH 
monomer  mixtures  (S)-ll/(R)-ll(X/Y=90/10-10/90')  tire  also  crystalline  and  exhibit  a  Sa  phase. 
Additional  crystalline  phases  are  generated  upon  mixing  these  two  enantiomers.  As  observed  from 
Figure  7b,  c  and  d,  both  enantiomers  and  their  mixtures  exhibit  enantiotropic  Sa.  Sc*  and  S\ 
phases  in  addition  to  the  polymorphic  crystalline  phases.  If  we  examine  the  DSC  cooling  scan 
from  Figure  7d,  we  observe  that  there  is  no  cry'stallization  peak,  however,  there  is  an  additional 
unidentified  S  phase  in  (S)-11/(R)-11(X/Y)  with  X/Y=3/7-7/3.  The  nature  of  these  Sx,  Sx’  and 
crystalline  phases  is  not  yet  clear  at  present  time  and  is  not  of  main  concern  for  this  paper.  The 
dependence  of  all  phase  transition  temperatures  on  enantiomeric  composition  (or  enantiomeric 
excess)  is  illustrated  in  Figure  8.  The  highest  crystalline  melting  temperature  decreased  as  the 
enantiomeric  excess  of  the  mixtures  decreases  during  the  first  heating  scan  (Figure  8a),  while  in 
Figure  8b  and  c,  these  two  enantiomers  are  miscible  and  therefore  isomorphic  in  the  Sa,  Sc*  and 
Sx  phases  over  the  entire  range  of  enantiomeric  composition. 

In  order  to  funher  confirm  the  Sc*  and  Sa  phases  of  both  monomers  and  their  mixtures. 
WAXS  experiments  were  performed  on  both  enantiomers  and  on  their  racemic  mixture.  The 
dependence  of  the  layer  spacing  on  temperature  is  shown  in  Figure  9a  and  b  as  obtained  during  the 
heating  and  cooling  scans,  respectively.  In  Figure  9a  the  layer  spacings  of  both  monomers  do  not 
change  much  with  the  increa.se  in  temperature  in  the  crystalline  phase  until  about  IS’C  when  the 
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.S(''  [ihasc  :s  'brmcd.  In  the  phase  the  layer  spacing  increases  with  the  increase  in 
tciTipcraturc  ant;!  it  reaches  a  constant  value  (30.3  ±  0.5A)  at  about  89°C  when  the  Sa  phase  is 
tonned.  Within  the  expenmental  error  the  experimental  d-spacing  of  30.3  ±  O.SA  is  very  close  to 
die  calculated  value  of  the  extended  monomeric  unit  which  is  32.6A.  Since  the  Sc*-Sa  transition 
IS  cov  ered  by  a  cr\  sialline  phase  in  the  racemic  mixture,  a  sudden  jump  in  d-spacing  to  29. 9A  was 
observed  (Figure  ^hi).  Data  obtained  during  the  cooling  scan  (Figure  9b)  show  a  constant  d- 
spacing  in  the  .S.\  phase,  followed  by  a  gradual  decrease  of  the  d-spacing  in  the  Sc*  phase  during 
the  cooling  process.  Tliese  results  are  in  good  agreement  with  the  results  obtained  by  DSC  and 
optical  polarized  microscopy,  and  therefore,  confirm  the  Sc*  and  S/i^  phases  of  both  monomers 
and  ot'  their  mixtures. 

'Die  tnost  significant  observation  in  the  mixtures  of  the  two  enantiomeric  monomers  is  the 
upward  cunature  of  the  phase  transition  temperature  from  the  Sa  phase  to  the  isotropic  phase 
1  Figure  M )  with  a  deviation  of  up  to  2.4”C  in  the  racemic  mixture  compared  with  that  of  the  pure 
enannomers.  Fliis  indicates  a  very  strong  heterochiral  molecular  recognition  in  the  Sa  phase  of  the 
enantiomeric  mixture  of  (S)-ll  and  (R)-ll  compared  with  other  systems**'^.  Based  on  the 
previous  discussion  a  linear  dependence  is  expected  for  the  Sa*I  transition  temperature  of  (S)- 
1  l/i  R )- 1 1 1 -X/'i  )  if  they  form  an  ideal  solution  since  their  transition  temperatures  and  the 
.issoeiated  enthalpy  changes  ,irc  identical.  Instead,  the  Sa*I  transition  temperature  of  the  monomer 
mixture  shows  an  upwau-d  curvature,  resulting  in  a  positive  deviation  from  the  ideal  solution 
hehav  Ku.  'Fins  is  an  ideal  mixture  at  the  molecular  level  over  which  a  strong  interaction  between 
the  two  enantiomers  (S)-ll  and  (R)-ll  is  overlapped.  Therefore,  a  very  strong  heterochiral 
recognititm  is  observ  ed  between  the  two  enantiomers  in  their  Sa  phase.  It  is  also  observed  that  the 
.S  \  .Sc '  transition  temperatures  display  a  downward  curvature  with  a  deviation  of  up  to  -3.2oC  for 
the  laeemie  mixture.  This  means  that  the  two  enantiomers  do  not  form  an  ideal  solution  in  the  Sc* 
fdiase  prior  to  .Sc‘  .S,\  transition.  Similar  behaviors  were  found  in  many  other  sy.uems.’'^’^  The 
otiier  interesting  phenomena  are  the  positives  curvatures  of  the  Sx-Sc*  and  Sc*-K  transitions 
1  leiire  sbi  with  a  dev  lation  of  up  to  l^C  and  lO^C,  respectively,  in  the  racemic  mixture.  This 
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obsenation  indicates  that  there  is  a  strone  heterochiral  recognition  in  the  S\  phase  and  also  in  tnc 
Sc*  phase  of  (S'i-ll/lR)- 1 1(  X/^■).  However,  the  recognition  event  in  the  Sc*  phase  occurs 
only  below  the  crystallization  temperature. 

In  summary,  both  enantiomeric  monomers  and  their  mixtures  exhibit  enantiotropic  .S  \. 
Sc*  tind  Sx  phases  in  addition  to  poi>  inorphic  crystalline  phases.  Both  enantiomers  tu'c  rniscihie 
in  their  Sa,  Sc*  tuid  Sx  phases  over  the  entire  range  ih'  composition.  The  dependence  of  me 
phase  transition  temperatures  of  monomer  mixtures  on  enantiomeric  excess  demonstrated  a  noc. 
ideal  solution  behavior  in  their  Sa-  Sc-'^  and  Sy  phases  and  a  strong  heterochiral  interaction  in  .id 
these  phases.  In  the  last  two  phases  this  interaction  iiccurs  only  below  the  crystallizatu'n 
temperature.  The  presence  of  such  a  strong  chiral  recognition  is  probably  related  to  the  unuiac 
structure  of  cyanohydrin  ester  group  in  the  two  enantiomenc  monomers.  The  rigid  -CN  pi'i..:' 
group  in  cyanohydrin  ester  was  directly  attached  to  the  chiral  center,  and  this  chiral  center  wa> 
connected  to  the  -COO-  group  directh  .Such  a  structural  feature  could  prevent  the  free  rotation  vu 
the  terminal  chiral  group,  therefore  maintaining  a  l.irge  dipole  moment  in  the  smectic  laser.  This 
could  be  the  reason  why  the  positive  deviation  is  high  aip  to  Z.df’C  in  Sa  phase)  compared  with 
similar  data  observed  for  other  enantiomenc  mixtures. '  What  makes  it  more  interesting  is  that 
it  represent  the  first  example  in  which  the  chiral  recognition  is  expended  to  the  Sc*  tind  Sy  phases 
in(S).Il/(R)-Il(.W).  .A  previous  [lublication  from  our  group  has  reponed  the  first  example  in 
which  chiral  recognition  was  obserx  ed  in  the  Sc^  phase  only  in  the  mixtures  of  enantiomenc 
polymers  based  on  (R)-  and  tS)-2-tluoro-4-methylpent\ I  4'-(8-vinyloxyoctyloxy)biphen\l-4- 
carboxylate.  but  not  in  monomer  mixtures.'^' 

4b)  Mixtures  of  monomer  with  polymer 

The  DSC  traces  of  the  first  and  second  heating,  and  the  first  cooling  scans  of  the  mixtures 
of  (S)-ll  with  polyKR)-lll  with  DP=4.4  .ire  illustrated  in  Figure  10a.  b  and  c.  respectiveh . 
The  corresponding  phase  diagrams  are  presenteii  in  Figure  1  la.  b.  and  c.  The  thermal  transition 
temperatures  tuid  corresponding  enthal[n  changes  .ire  summanzed  in  Table  IV. 
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riic  :irM  DSC  scans  iFicuro  lOa)  show  a  decreased  amount  of  crystallinity  upon  the 
;n:\inc  >'i  iSi-ll  with  poi\j(R)-ll|  In  the  second  heating  scan  (Figure  10b)  the  kinetically 
ccntn'ilcd  .rvstallinc  phase  is  totally  suppressed.  As  observed  from  the  Figure  1  lb  and  c.  the 
-triwtiirai  units  ot'  iSi-ll  and  polyl(R)- 1 1 1  tu^e  miscible  and  isomorphic  only  in  the  Sa  and  Sc"' 
niiascs.  S.\-l  transition  temperature  seems  to  show  a  linear  dependence  over  the  entire 
composition  ranee.  Since  the  .Md  corresponding  to  Sa-I  transition  temperature  for  monomer  (S)- 

I I  o  less  than  that  ot'  jiolvltRi-l  1|,  the  Schrbder-van  Laar  equation  predicts  a  positive  curs'ature 
tor  .11  aie.ii  -oiution.  The  net  result  is  a  nonideal  behavior,  and  a  negative  deviation  of  up  to 
■ '  a'C  :rom  the  theoretical  values  is  observed.  Therefore,  there  is  no  heterochiral  recognition  in 
the  mmiomer/iMMvmer  mi.xtures.  The  Sc"‘-Sa  transition  temperature  exhibits  a  downward 
curvature,  .md  this  also  represents  a  nonideal  .solution  behavior. 

4c  I  Mixtures  of  polsmers 

l\^o  sets  or  oinary  mixtures  of  poiy|(S)-U]  with  poly[(R)-lX]  were  prepared.  Polymer 
mixture  1  consists  ot  jksK  |  ( ,S  i- 1 1 1  with  DP=4.6  and  poly[(R)*ll]  with  DP— 4.4.  Their 
moiecuiar  xeiehts.  .S  .\-\  transition  temperatures  and  corresponding  enthalpy  changes  are  close  to 
e.ich  other.  Poivmer  mixture  II  consi.sts  of  polyI(S)-ll]  with  DP=4.3  and  polyl(R)-ll]  with 
DP -T-  Ttie  moiecuiar  wemht.  ,Sa-I  transition  temperature  and  corresponding  AH  ot  poly[(R)- 

I I I  .,re  hi'cher  than  those  of  pol>i(S)-l  1  ].  The  characterization  results  are  summanzed  in  Tables 
-  ..nd  tv  Figures  12  .ind  1 represent  their  first  heating  DSC  traces  and  the  corresponding  phase 
m.icrams.  respectivelv.  \^  ue  can  see  from  Figure  12,  the  crystalline  phase  was  suppressed  upon 
mixine  ;n  both  [lohmer  mixtures.  .-\11  mixtures  are  amorphous  and  exhibit  enantiotropic  Sc*  and 
S  \  pn.ises  The  phase  diagrams  from  Figure  13  indicate  that  the  structural  units  of  both  polymers 
irc  movi'nle  ,ind  isoimuphic  ;n  their  Sa  and  Sc*  phases  for  both  mixtures.  The  Sa-1  transition 
•emoeratures  diou  .i  slieniK  negative  curvature  for  both  mixtures.  Based  on  the  previous 
.u  .ussion.  tile  S  \  I  iransiiu'ii  temperature  should  show  a  linear  dependence  tor  the  polymer 
uv.  -  tuic  1  .uui  .1  i'0'-m\e  air\.ituie  for  the  polymer  mixture  II  if  ideal  solid  solutions  were  termed. 


The  net  result  is  a  negative  deviation  (u[i  to  -1. (■»*’(';  tor  both  rnixtures  from  the  ideal  behavior, 
indicating  that  no  heterochiral  recognition  e.xists  in  the  S.\  phase  of  the  polymer  mixtures.  Tlte 
Sc*-Sa  transition  temperature  also  shows  a  negative  curvature  with  a  deviation  of  up  to  about 
-8.  PC  for  both  polymer  mixtures.  This  trend  is  sinvlar  to  that  of  the  present  monomer/monomer 
mixtures  and  monomer/polymer  mixtures,  and  that  of  other  system. 

However,  it  is  interesting  that  the  glass  transition  temperature  shows  a  positive  curvature. 
Similar  positive  deviations  of  the  glass  transition  temperature  is  well  established  for  miscible 
polymer  blends  with  strong  interchain  mteraciions.-' --  This  is  probably  due  to  stronc 
intermolecular  interactions  between  the  enantiomeric  structural  units  which  leads  to  less  free 
volume  in  the  glassy  state  of  the  Sc'  fihase.  riierelore.  this  result  demonstrates  a  chiral  molecuiai 
recognition  effect  in  the  Sc"  which  exists  only  below  the  glass  trimsition  temperature. 

5.  Summary 

Based  on  the  prev  ious  discu.s.sKrt).  heterochiral  molecular  recognition  was  observed  in  pairs 
of  enantiomeric  monomers  (S)-l  l/(R)-l  I(XA')  in  their  ,Sa  phase  and  in  their  Sc*  phase  below 
crystallization  and  in  Sx  phases.  The  recognition  effect  in  the  Sx  phase  represents  the  second 
example  of  chiral  molecuku"  recognition  observed  in  a  tilted  Sc*  phase  of  enantiomeric  pairs  of  low 
molar  mass  liquid  crv'stals.-’'^  The  presence  of  a  much  stronger  chiral  recognition  effect  compared 
with  previous  systems'"^''  is  probtibK  due  to  the  larger  dipole  present  in  the  stereocenter  of  11 
which  is  directly  coupled  to  the  mesogen. 

The  chiral  molecular  recognition  e\ent  observed  in  the  Sa  phase  of  the  monomer  mixtures 
canceled  in  the  corresponding  mixtures  involving  polymers  (inonomer/polymer  and  polymer; 
polymer  mixti.  es).  Figure  14  illustrates  the  deviation  of  the  isotropization  temperature  of  various 
mixtures  obtained  as  a  function  of  the  composition  of  R  enantiomer.  These  deviations  were 
calculated  by  the  difference  between  the  experimental  and  calculated  values  for  an  ideal  solution 
using  the  Schroder-van  Laar  equation.  .As  observed  from  Figure  14,  only  the  Sa-1  transition 
temperatures  from  monomer/monomer  mixtures  nIiow  a  positive  deviation  of  up  to  2.4<-’C. 
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iiulicatiiiu  the  oxistciicc  of  hctcrochiral  recognition  in  monomer  mixtures.  Each  time  when  a 
poKincr  was  uivoK  cd  in  the  mixture,  a  negative  deviation  of  the  Sa-I  transition  temperatures  was 
observed.  The  chiral  molecular  recognition  effects  in  the  Sc*  phase  of  monomers  below 
crystallization  .ind  in  polymers  below  glass  transitions  are  of  extreme  fundamental  interest. 
.Scheme  outlines  a  possible  mechanism  for  the  heterochiral  interaction  between  the  stereocenters 
of  iSi-11  and  (R)-Il  in  an  untilted  layer  phase  like  Sa-  As  illustrated  in  this  scheme, 
heterochiral  interaction  can  he  envisioned  to  take  place  between  the  acidic  hydrogen  and  the  cyano 
groups  ot  the  two  stereexenters  when  they  are  arranged  in  a  layer  structure  like  that  encountered  in 
a  .S.\  phase.  .Additional  structural  and  modeling  investigations  are  necessary  to  elucidate  this 
possibility. 

.As  demonstrated  by  the  results  of  this  and  previous  publications *'5,  layered  liquid 
cry  sttilline  phases  are  [providing  an  interesting  alternative  approach  to  quantitative  studies  on  chiral 
molecular  recognition  w  hich  so  tar  was  investigated  mostly  with  monolayers  of  enantiomers^^  and 
diastereomers.''^ 
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s(  iii.Mi:  AM)  Ri:  captions 

Sci'.oinci,  SsiuhoMs  (S)  l-cyuno-2-methylpropyl  4'- { [4-(8-vinyloxyoctyl- 

ii\y  ibciizoylloxy  1  hipheini-4-carboxylate  {(S)-ll]  and  (R)- l-cyano-2-methyIpropyl 
4  - 1 1 4-1  S-  \  inyloxyoctyloxy  )benzoyl]oxy}biphenyl-4-carboxylate  ((R)-l  1  j. 

Sci’.cnic  2.  \lfch.in''  m  of  o..icrificauon  of  (S)-3  with  5  in  the  presence  of  DEAD/PPhi  with 
!n\  ersion  of  configuration. 

-Sciicir.c  Possible  meclianism  for  heterochiral  interaction  between  the  stereocenters  of  (S)-ll 
and  t  R )- 1 1 . 

l  ieure  !,  Representative  spectra  of  monomer  (S)-ll  ([(S)-11]1=().038M):  (a) 

without  shift  reagent;  tbi  vviili  shift  reagent  ([Eu(hfc)3]=0.01  IM). 

i-igure  2.  Representatise  'H-NMR  spectra  of  the  binary  mixture  of  monomers  (S)-11/(R)- 
IK.X/Y)  with  .X/Y=2/l  il(S)-ni=0.038M,  [(R)-ll]=0.019  M):  (a)  without  shift 
reagent;  (bi  with  shift  reagent  ilEu(hfc)3]=0.014M). 

[•igure  .V  The  dependence  of  number-average  molecular  weight  (Mn)  and  polydispersity 
(.NhwMni  of  polyl(S)-lll  (open  symbols)  and  poly[(R)-ll]  (closed  symbols) 
detemiined  by  GPC  on  the  [Mlo/|I]o  ratio. 

ingure  f  DSC  traces  of  polymers  with  different  degrees  of  polymerization  (DP)  determined  by 
GPC.  DP  is  printed  on  the  top  of  each  DSC  scan  (heating  rate;  2()oC/min):  (a) 
poly  1  (.S  I- 1 1 1;  (b)  pol>'((R)-l  1]. 

i-icnre  ''  Ttie  vie[’endence  of  phase  transition  temperatures  on  DP  of  poly[(S)-lll  (open 
symtxHsi  and  [loKKRl-llI  (closed  symbols):  #,  O:  T(g-Sc*,  Sx);  a:  T(Sx- 
S(  M.  ♦.  o:  Ttk-ScG;  ■.  □;  T(Sc*-Sa);  A,  A:  T(SA-i). 

Eigtire 'V  lai  Representative  wide  angle  X-ray  scattering  patterns  of  polyl(S)-lIl  with 
DP-ibT  in  .S\.  S,\  and  Sc"  phases;  (b)  The  dependence  of  the  layer  spacings  of 
pol\i(Si-ll|  wall  DP=17.3  and  poly[(R)-ll]  with  DP  =  19.7  on  temperature 
determined  In  wide  angle  .X-ray  scattering  experiments  during  the  heating  scan 

( 2..''‘’(  ','min  I. 


Figure  7.  DSC  traces  of  (S)-ll  and  (R)-Il  and  their  binary'  mixtures.  The  composition  of  the 
binary  mixtures  is  printed  on  the  top  of  each  DSC  scan  (10°C/min):  (a)  first  heating 
scan;  (b)  second  heating  scan;  (c)  heating  scan  after  cooling  to  50°C;  (d)  first  cooling 
scan. 

Figure  8.  The  dependence  of  the  phase  transition  temperatures  on  the  composition  of  binary 
mixtures  of  (S)-ll  and  (R)-ll.  (a)  first  heating  scan:  □:  T(SA-i);  A:  T(k-SA); 

•:  T(k-k);  S ;  T(k-k),  cry-stallization;  (b)  combination  of  second  heating  scan  and 
heating  scan  after  cooling  to  50^C;  □;  T(SA-i);  A-  T(Sc*-Sa);  T(k-Sc*);  A.  T. 
•:  T(k-k);  B,  S,  H  ;  T(k-k),  crv'stallization;  T(Sc*-k),  crystallization;  3:  TCSy- 
Sc*  );  (c)  first  cooling  scans;  □;  T(i-SA);  A;  T(Sa-Sc*);  3;T(Sc*-Sx);  T(Sx 
SxO. 

Figure  9.  The  dependence  of  the  layer  spacings  of  (S)-ll.  {R)-ll  and  their  racemic  mixture 
on  temperature  determined  by  wide  angle  X-ray  scattering  experiments  (2.50C/mini; 
(a)  during  heating  scan;  (b)  during  cooling  scan. 

Figure  10.  DSC  traces  of  the  binary  mixtures  of  (S)-ll  and  poly[(R)-ll]  with  DP=4.4.  The 
composition  of  the  binary  mixtures  is  printed  on  the  top  of  each  DSC  scan  (10°C/min). 
(a)  first  heating  scan;  (b)  second  heating  scan;  fc)  first  cooling  scan. 

Figure  1 1.  The  dependence  of  phase  transition  temperatures  on  composition  of  binary  mixtures  of 
(S)-ll  and  poly[(R)-lll  with  DP=4.4;  (a)  first  heating  scan:  □;  T(SA-i);  A; 
T(Sc*'Sa):  A:  T(k-Sc*-  Sa);  ■;  T(k-k);  O;  T(g-k);  (b)  second  heating  scan;  □; 
T(SA-i).  A;  T(Sc*-Sa);  ■:  T(k-k);  D;  T(k-k),  crystallization;  O;  T(Sc*-k), 
crystallization;  0:  T(Sx-Sc);  O;  T(g-Sc*);  (c)  first  cooling  scan:  □;  T(i-SA);  A; 

T(Sa-Sc*);  3;  T(S-Sx);  O;  T(Sc*-g). 

Figure  12.  DSC  traces  of  the  binary  mixtures  of  poly[(S)-ll]  and  poly[(R)-ll].  The 
composition  of  the  binary  mixtures  is  printed  on  the  top  of  each  DSC  scan  (lOoC/min, 
first  heating  scan);  (a)  binary  mixtures  of  poly[(S)-ll]  with  DP=4.6  and  poly[(R)- 
11]  with  DP=4.4;  (b)  binary  mixtures  of  poly] (S)- 11]  with  DP=4.3  and  poly[(R)- 
11]  with  DP=5.7. 


Lire  13.  The  Liependence  of  phase  transition  temperatures  on  the  composition  of  binary 
mi.xtures  of  poly((S)-lll  and  poly[(R)-ll].  (a)  first  heating  scan  of  binary  mixture 
of  po]y|{S)-ll )  with  DP=4.6  and  poly[(R)-ll]  with  DP=4,4;  (b)  first  heating  scan 
of  binary  mixtures  of  poly({S)-ll]  with  DP=4.3  and  poly[(R)-ll]  with  DP=5.7. 

□  iTiSA-i);  A:T(Sc*-Sa);  O:  T(g-ScMc);  ■:  T(k-Sc*). 

lire  1 4.  Tlie  dependence  of  the  deviation  of  Sa-I  transition  temperatures  of  various  mixtures  on 
the  composition  of  (R)-enantiomer  calculated  by  the  difference  between  the 
expenmental  values  obtained  during  the  first  heating  scan  and  the  calculated  values  for 
ideal  solution  using  the  Schroder-van  Laar  equation: 

□  :  (S)-II/(R)-II; 

H;  llS/poly((R)-lll  with  DP=4.4; 

■  ;  poly((S)-lll  with  DP=4.6/poly[(R)-ll]  with  DP=4.4; 

A:  poiy((S)-Ill  with  DP=4.3/poly[(R)-ll]  with  DP=5.7. 
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Table  4.  Characterization  of  binary  mixture  of  (S)-l  I  and  poly((R)-l  1 1  with  DP=4.4.  Data  on  the  first  and  second  line 
from  the  first  and  second  heating  scans,  respectively. 

Polymer  composition  Thermal  transition  temperatures  (»C)  and  correspounding  enthalpy  change  (kcal/mru) 
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Table  6.  Characterization  of  enantiomeric  binary  mixture  of  poly|(S)-lll  with  DP=4.3  and 


COOH  COONa  COOCH.Ph 

'  1)  NaNO-i  0  5MHiSOi  '  BrCHiPh  ' 

HN.-CHCH(CH,).  ,  u.oii  n,.'.  HO-CHCH(CH02  - HO-CHCH(CH,. 

‘  *  2)  NaOH.  CH3OH  *  '  DMF  *  ^ 
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CH3OCCI 
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